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Episteme, PaVE Manual

The PapillomaVirus Episteme (PaVE) has been established to provide information and analytic resources to the scientific
community for research on the Papillomaviridae family of viruses. This manual describes how to navigate to the data and
analytical tools available in PaVE. The FAQs at the end of this manual provide detailed information about some of the
functionalities and browser requirements.

The PaVE team includes members from the laboratory of Dr. Alison McBride at the Laboratory of Viral Diseases in the Division of
Intramural research and the Bioinformatics and Computational Biosciences Branch (BCBB) headed by Dr. Yentram Huyen at

Office of Cyber Infrastructure and Computational Biology (OCICB) in the NIAID/NIH.
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2. OVERVIEW

The PapillomaVirus Episteme (PaVE) was initiated in 2008 to provide information and bioinformatics resources to
the scientific community for research on the Papillomaviridae. The goal of the PaVE was to provide an integrated
resource for the storage and analysis of papillomavirus genome sequences and related information. The first release
went live in April 2009. The PaVE is a freely accessible, web-based tool (http://pave.niaid.nih.gov) created around a
relational database. Reference papillomavirus (PV) genome sequences are extracted from publicly available
databases, corrected for sequence errors and uniformly re-annotated using a custom-created tool. The PaVE is
frequently updated and includes 307 annotated PV genomes, with associated genes, regions, proteins and protein
structures, which users can explore, analyze or download. The update also included annotation of additional
proteins encoded by spliced transcripts. In addition, because of recent advances in Next-Gen sequencing, several
putative novel genomes have been described (See de Villiers et al., 2004 and Bernard et al., 2010) that do not meet
all these requirements, and will therefore not be recognized as novel viral types by the International Human
Papillomavirus Reference Center. In order to reflect the known papillomavirus diversity PaVE has chosen to include
viruses (14) that meet the “90% sequence identity” rule, even if they do not meet the other criteria. These viruses
will be identified by the appendix “nr”. For more details refer to the Taxonomy Concept page.

The PaVE is a valuable resource for PV research; investigators can download complete sets of specific sequences for
different viral proteins or regulatory regions, or can run PV specific BLAST searches against the PaVE databases. In
2011 we added transcript maps and a novel protein structure viewer. With the Structure Viewer, users can align
selected protein sequences with the structure of a homologous protein, enabling easy identification of the location of
conserved or divergent protein sequences. In 2012, we uniformly annotated the genomes and added cis-elements
such as E2 binding sites. In 2013, we added an L1 typing tool, a Multiple Sequence Alignment module and an Image
Viewer to allow the visualization of clinical and histological lesions associated with papillomavirus infection. It
includes links to the 2013 Special Issue of Virology, authored by experts in the fields providing detailed information
and analysis for each viral protein, the URR, viral transcripts, and variants, as well as information about viral
evolution, classification and disease. This issue is intended to be a reference source for the papillomavirus field.
Papers that reference PaVE can be viewed here.

3. NAVIGATION IN PAVE

3.1. HOME PAGE

The Home Page (Figure 1. PaVE Home) is one of two primary ways to use the PaVE website. The Home page
provides quick links to the Search, Analyze, and Explore pages and other papillomavirus resources. It also includes
overviews of the site and recent updates

Search

Yedk ™ 24 Analyze
[e. K« :;

Explore

Figure 1. PaVE Home



3.2. ToP NAVIGATION BAR

The site can also be navigated through the tabs in the navigation bar (Figure 2. PaVE Navigation bar) that is visible at
the top of all PaVE pages. The first tab links to the home page, while the other 6 tabs link to features listed below:

NIAID Office of Cyber Infrastructure and Computational Biology|

Explore

Figure 2. PaVE Navigation bar

1. Home: Links to the Home Page as described above
2. Search: PaVE provides the ability to search the database for sequences using Keyword Search or PV

Specific Blast Search and for images on the Image Viewer.

A resource of the Bioinformatics and Computational Biosciences Branch at the

P apilloma virus EpiSteme NIAID Office of Cyber Infrastructure and Computational Biology

Home Analyze Explore

Search Database

PV Specific BLAST

Image Viewer

Search Database PV Specific BLAST Image Viewer

Figure 3. Search for PV Sequences, Protein Structures and Images

3. Analyze: PaVE provides analysis tools for identification of potentially new PV type(s), multiple protein
sequence alignments and for viewing papillomavirus-related protein structures from the Protein Data Bank

(PDB).

A resource of the Bivinf ics and C tational Biosci Branch at the

Papillomavirus Episteme NIAID Office of Cyber Infrastructure and Computational Biology

Home Search Analyze Explore Links

Multiple Sequence Alignment
Protein Structure Viewer

L1 Taxonomy Tool

Alignment Protein Structure Viewer L1 Taxonomy Tool

Figure 4. Analyze

4. Explore: PaVE provides tools to browse PV-related information included tabular and tree views of human
and animal PaVE reference clones, taxonomic and classification concepts, transcript maps, proteins, images,
and recent reviews focusing on functional genomics of PV.
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Figure 5. Explore

5. Links: Useful papillomavirus-related links
6. Support: A form to provide feedback, and a list of FAQs
7. About: Background and overview of the PaVE project

The Search, Analyze and Explore tabs are described in detail below.

4. SEARCH PAVE

4.1. KEYWORD SEARCH

The Keyword Search interface (figure 2) enables users to query the PaVE database with a simple keyword for

® reference genomes,

* genes and named regions,
* protein sequences
* protein structures

Search results can be filtered dynamically by

* taxonomic classification

* host species

* genesorregions

* reference/non-reference genomes

keword® oo
Database |Genomes O 1nclude Non-reference genomes
Dynamic search: results are automatically updated with the filter applied. Please do not
V¥ Filter by refresh the page if the taxonomy dropdovin does not load immediately, it may take a
minute to load.
Taxonomy PV Genes and Regions
i o] & B
Host Species PV Features
J ) 8

! Selected Filters: Clear All

! Database: [Genomes]
! includeNR: [false] X

Search Results

Download Fasta | Download GenBank || Run MSAl Run Treel Select All Deselect All

Showing 1-307 of 307 results.

Figure 6. Keyword Search Interface




DATABASE MENU

Search Tools features a Database menu (figure 7) that enables users to choose the type of data to be retrieved,
namely, reference genome (Genomes), gene and named region (Genes and regions), protein sequences (Protein

sequences) or protein structures (Structures in PDB).

Database Genomes v

Genes and regions
Protein sequences
Structures in PDB

Figure 7. Keyword Search Interface: Database menu.

FILTERING CRITERIA

1.

Non-reference genomes can be included or excluded from the search results. Non-reference viruses (designated
by ‘nr’) in PaVE are those with L1 sequences that do not share more than 90% nucleotide sequence identity with
their closest neighbor, which however, do not meet other criteria as specified in de Villiers et al., 2004 and
Bernard et al,, 2010 in order to be recognized as new types. For more details, refer to the section Taxonomy
concept - Non-reference genomes on PaVE.

The Taxonomy filter enables users to filter at the genus or species level (figure 8a). Clicking the taxonomy box
provides a dialogue box to enable users to select at the level of the genus or expand the genus and select at the
species level (click on the + to display the corresponding species).

The Host Species filter (figure 8b) enables users to filter by the scientific name of host animal from which the
virus was isolated.

The PV Genes and Regions filter (figure 8c) enables users to select sequences that contain the selected genes or
specific regions such as the Upstream Regulatory Region (URR).

[
Taxonomy Host Species PV Genes and Regions
All v 1 All v
All v £
Seloct Taxonomy
e All E4
T human ES
Macaca fascicularis ESA
i Macacca mulata ESB
. E6
Pan paniscus =
E7 -
Pan troglodytes u
i
Papio hamadryas L2
Done ’ Done ‘ S
(a) (b) (c)

Figure 8. Search Tools interface: Filtering criteria.



SEARCH RESULTS

Search results are displayed below the search interface in a table and include the sequence name and a description
of the sequence (figure 9). Users can download the DNA and protein sequences for further analyses in appropriate
formats (for example, FastA or GenBank format) by either selecting specific sequences or clicking “Select All” and
clicking on the “Download” buttons for the specific format (FastA, GenBank). Clicking on the sequence name will
render a graphical representation of the sequence together with annotations (see figure 22a, Locus Viewer).

Download
selected

Select all items

Search Results
d Fasta || Download GenBank || Run MSA || Run Phylogenetic Tree | Select All Deselect Al Showing 1-307 of 307 results.
Locus ID Description

[0 AsPVIREF Alces alces Papillomavirus 1 (AaPV1), complete genome

[0 AsPVIREF Apodemus sylvaticus Papillomavirus 1 (AsPV1), complete genome

[0 BeViREF Bos taurus Papillomavirus 1 (BPV1), complete genome

[0 Bev2Rer Bos taurus Papillomavirus 2 (BPV2), complete genome

[] Bev3REF Bos taurus Papillomavirus 3 (BPV3), complete genome

[0 Bev4arer Bos taurus Papillomavirus 4 (BPV4), complete genome

Figure 9. Search Results view.

Search results for protein sequences (figure 10) will also include a column to indicate the availability of a PDB
structure (red filled circles) of this protein or a related structure (orange filled circles) of a homologous protein
(with greater than 10% amino acid sequence identity). Clicking on these circles will display the structure and

sequence alignments with homologous proteins (see figure 24, Structure viewer).

Selected protein sequences can be further analyzed:

1. Aligned using the “Run MSA” button
2. Aligned and depicted within a phylogenetic tree to show relatedness between sequences using the “Run
Phylogenetics Tree” button



Keyword o

Database IProtein sequences E

s

Include Non-reference genomes

Dynamic search: results are automatically updated vith the filter applied. Please

Selected Filters: Clear All

includeNR: [false] X

Database: [Protein sequences]

V Filter by do not refresh the page if the taxonomy dropdovn does not load immediately, it
may take a minute to load.
Taxonomy PV Genes and Regions
All [v] A (v
Host Species PV Features
Al All

Search Results

Download Fasta Download GenBank | Run MSA | Run Phylogenetic Tree | Select All Deselect All Showing 1-600 of 2852 results. 1 2 3 4 5 Next>

Associated/Homologous L]

Locus

ID ~ Structure Description
AaPV1-El @ Alces alces Papillomavirus 1 (AaPV1), E1 protein
AaPV1-E1~E4 Alces alces Papillomavirus 1 (AaPV1), E1~E4 protein
AaPV1-E2 @ Alces alces Papillomavirus 1 (AaPV1), E2 protein
AaPV1-E4 Alces alces Papillomavirus 1 (AaPV1), E4 protein
AaPV1-ES Alces alces Papillomavirus 1 (AaPV1), ES protein

Figure 10. Protein Sequence Search Results.

4.2.

Users can also use BLAST to search the PaVE database using one or more query sequence (s) (figure 11). The query
sequence(s)* can be either pasted in the window or uploaded from a file in a computer. PaVE sequences that match
the query sequence are displayed along with the computed scores. These sequences can be selected and
downloaded. Users can also download the complete raw BLAST results. Clicking on the triangle to the left of each
sequence displays the alignment of the query sequence with that sequence and the computed scores.

PV SPECIFIC BLAST SEARCH

*If a single query sequence is used, it does not need to be in FastA format.

Blast Program

I blastp : Search protein database using a protein query

[0 =]

~~
‘@/’ Pasted into the form below

E-value Cutoff

Query Sequence
(FASTA format) |
=
\"_) Uploaded file
YL RKVHETGSMSLEFLAVENVGKSRETVRKLISGVLNTPCSRLLLOPPKIRGLCPALFWFKLG
LSPATQOTHGTTPDWIKQOTNVAYNTGEASKFDEGTMVOWAYDHRL,
TEECKIAYQYAKCAGTDLNARAFLASTN LVKDCCTMVKHYLRAEE! SLTISAFIKRRCDNAT@
GRGSWLSIMNLLKFOGIEPINFVNALKPWLKGTPKHNCIATVGPP
NSGKSLLCNTLMSFLGGKVLTFANHSSHFWLAPLTDCRVALIDDATHACWRYFDTYLRNVLDGYP w
VCIDRKHKSAVOLKAPPLLLTSNIDVHADERKYFYLOSRVKTEYFK
EPCPASDTGEPLFE'ITDADWKNFFERLWERLDLSDQEDEVDEDECSQRSFICSARNTDAMHi

submit | reset

~

Figure 11. PV Specific BLAST Search



5. ANALYZE

PaVE provides analysis tools (figure 12) for identification of potentially new PV type(s), multiple protein
sequence alignments and for viewing papillomavirus-related protein structures from the Protein Data Bank
(PDB).

. . - A resource of the Bioinformatics and Computational Biosciences Branch at the
Papillomavirus Episteme NIAID Office of Cyber Infrastructure and Computational Biology

Papillomavirus Epistem

Analyze

Analyze Explore Links Support About

e > Analyze

ultiple Sequence

Alignment Protein Structure Viewer L1 Taxonomy Tool

Figure 12. Analyze Interface

5.1. MULTIPLE SEQUENCE ALIGNMENT OF PROTEINS

Users can perform multiple sequence alignments (MSA) of proteins using the COBALT (Constraint-based Multiple
Protein Alignment Tool). The Alignment tab on the top bar links to a form that enables users to submit their FastA
formatted query sequences either by pasting them in the window or by uploading a file containing these sequences
and clicking Analyze (figure 13a). Users can also perform MSA of PaVE sequences by selecting them from the Search
Page and clicking on the “Run MSA” button (figure 13b).

Upon performing MSA, users can either view the alignment in a CLUSTAL alignment view (default, figure 13d) or
within JalView* (figure 13e), an external program for multiple sequence alignment editing, visualization and
analysis. Jalview has been integrated into PaVE so that it runs in the user’s browser (not compatible with Firefox
Version 36 and higher). You can obtain more information about the JalView program at
http://www.jalview.org/about/Documentation.

Two links on the default CLUSTAL view page “Download MSA Fasta Result” and “Download MSA EPS Image” enables
users to download the sequences in mFastA format (with the original IDs) or the alignment image generated in
JalView.

*Note: A popup Window may request the permission of users to run the JalView alignment viewer program (figure
13c). Users need to check, "I accept the risk” to run this program in the browser. In the event that you get an error
message that your java version needs to be updated or that you need to enable java in your browser, please update it
or this tool will not work.
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A resource of the and C i Branch at the
NIAID Office of Cyber Infrastructure and Computational Biology

Papillomavirus Episteme

Home Search Analyze Explore Links

Multiple Sequence Alignmentj

Protein Structure Viewer

L1 Taxonomy Tool

MSA Uses the NCBI tool ent Tool) which computes the alignment using conserved domain and local

sequence similarity information.
Alignment can be visualized by Jalview.

Query sequences can be input below or by selecting protein sequences on the Search page and running MSA.

O Paste into the form below
O Upload file

Input Sequence (FASTA format) A
At least two input protein sequences needed

submit | reset

Home | Accessibility | Privacy Policy | Disclaimer | Website Links & Policies | FOIA | NIAID Employee Emergency Information

< Infectious Diseases DAGOV..,

Figure 13a. Multiple Sequence Alignment Interface.

Keyword ol |ﬂ

Database |Protein sequences [J1include Non-reference genomes

Dynamic search: results are automatically updated with the filter applied. Please do not
V Filter by refresh the page if the taxonomy dropdown does not load immediately, it may take a
minute to load.

Taxonomy PV Genes and Regions

Click to see selected E1

Host Species PV Features

All E All [Z]

Selected Filters: Clear All
Database: [Protein sequences]
PV Genes and Regions: [E1] X |

Taxonomy: x
[Alphapapillomavirus]

includeNR: [false] X

Search Results

Download Fasta ] Download GenBank I Run MSAI Run Phylogenetic Tree I Select All Deselect All

Locus IDA gts”cm—'H?d Homologous @ Description

[0 capvi-E1 L] Colobus guereza Papillomavirus 1 (CgPV1), E1 protein
[ Hev2-E1 ® Human papillomavirus 2 (HPV2), E1 protein

[0 Hev3-E1 ® Human papillomavirus 3 (HPV3), E1 protein

[0 Heve-E1 L] Human papillomavirus 6 (HPVS), E1 protein

[0 Hevz-E1 ® Human papillomavirus 7 (HPV7), E1 protein

[0 Hevio-E1 ® Human papillomavirus 10 (HPV10), E1 protein

[0 Hevii-E1 ® Human papillomavirus 11 (HPV11), E1 protein

Showing 1-77 of 77 results.

Figure 13b. Multiple Sequence Alignment via the Search Page.
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Download files

CLUSTAL

lcllil/1-612
1lcl|2/1-643
1cl|3/1-859
1cl|4/1-599
1lcl|5/1-60€
1lcl|6/1-649

lcl|l/1-612
lcll2/1-843
1cl|3/1-659
1cl|4/1-599
1cl|5/1-606
lcll6/1-649

lelll/1-612
lcl|2/1-643
1lcl|3/1-659
1cl|4/1-599
lcl|5/1-606
1lcl|6/1-649

lcl|l/1-612
lcll2/1-643
1cl|3/1-659
1cl|4/1-599
1lcl|5/1-606
lcl|6/1-649

lel|l/1-612
lcl|2/1-643
1cl|3/1-659
1cl|4/1-599
1cl|5/1-606
lcl|6/1-649

lel|l/1-612
lcl|2/1-643
1m112/1-458

Dovmload MSA MFasta Result
Dovmload MSA EPS Image

Launch Jalview with Full Sequence IDs|

Security Warning

Do you want to run this application?

--------- An unsigned application from the location below is

MED--SEGTDGTEEDGCRAGGWFHVEA
o requesting permission to run.

MAD---KGTDN----FDLEGNNWYT' Location: http://pave.niaid.nih.gov/
MTDPNSKGSTS----KEGFGDHCLL
MAD--DSGTEN---EGSGCTGHEMVER

Running this application may be a security risk
QSQENSLE- - -LEHKQESLESEQE More Information

mﬁzﬁg:mgf,ﬁ: : Select the box below, then click run to start the application
'| T accept the risk and want to run this app.

SITKQDKKRYRRQLFSQ---DDSGLE.
SLNRKSEK-AKRRLFET-EPPDSGY!

KLGRQTSK-AKRRLFE: Do not show this again for this app

KITPERHS--KRRLF:

RP--VED--QEEERQEED:
NV--GENGSQEEERAGED-—

~-GEADLTV-HTBQSGTDAAGSV-
--GEESQT--ESVQTDTTACG-V-

TQUESES-QA INL---LLLQSSNRR
——————————————————— EAEDVTPEVEVPAIDSR HYTALLRSSNKK
VPENGGDG--QEKDTGRDIEGEE-HTEAZAPT-NSVREHAGTAGI -~ L---ELLKCKDLR

AALLSRFKDTAGVSFTDLT! TCCGDWV IDSVKELLQTHCVYIQL
ATLLSKFKDLFGVGFYELVRQFKSSKTACADHVVCAYGVYYAVAECLKKLIQPHTQYART
ATLLGKFKEQFGLGFNELIRHFKSNKTVCSDHVVCVFGVYCTLAZSFKTLIQPQCEYAHT
ATMLAKFK ITRI TVIFRAAVEVLESSKIVLKQHCTYIQV
ATLMAKFKESFGVGFNELTRQFKSHKTCCKDHVVSVYAVHDDLFESSKQLLQQHCDYIHY
AALLGKFKECFGLSFIDLIRPFKSDKTTCLDHVVACFGIHHSISEAFQRLIEPLSLYAHT

EHAVTEKNRFLFLLVRFKAQKSRETVIKLITTILPVDASYILSE AALFWYRR
QURT LR IPEKHMLIEPPKLRSTPAALYWYKT
AVT.SCOMEMTITTTID FROARND R TAREFSTT.LNYDFNHML.TF DORT.0GA DAAT.YHFRT

Figure 13c. CLUSTAL output of alignment.
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Dovmlosd MSA EPS Image View align
StartJaIview| JalVi
Launch Jalview with Full Sequence IDs:
CLUSTAL
lclll/1-612 MAD--NKGTEN--------- DWFLVEA-TDCEET-LEETSLGDLDNVSCVSDLSDLLDEA
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lecl|l/1-812 ARLLSRFKDTAGVSFTDLTRSYKSNKTCCGDWVLAVWGVRENLIDSVKELLRQTHCVYIQL
lcllz/1-¢643 ATLLSKFKDLFGVGFYELVRQFKSSKTACADWVVCAYGVYYAVAEGLKKLIQPHTQYAHT
1cl|3/1-65% ATLLGRKFKEQFGLGFNELIRHFKSNRKIVCSDWVVCVFGVYCTLAESFKTLIQPQCEYAHT
lcl|4/1-59% ATMLARFKEWYGVSYNEITRIYKSDKSCSDNWVIVIFRARVEVLESSKIVLKQHCTYIQV
lcl|s/1-60¢ ATIMARFKESFGVGFNELTRQFKSHKTCCKDWVVSVYAVHDDLFESSKQLLQQHCDYIWV
lcl|é&/1-649 ARLLGKFKECFGLSFIDLIRPFKSDKTITCLDWVVAGFGIHHSISEAFQKLIEPLSLYAHI
lecl|l/1-612 EHAVTEKNRFLFLLVRFKAQKSRETVIKLITTILPVDASYILSEPPKSRSVARALFWYKR
lcllz/1-¢643 QURTSSWEMVVEMLLRYNCAKNRDSVSKNMSMLLNI PERHMLIEPPKLRSTPAALYWYRT

Figure 13d. Option to view alignment in JalView.
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Successfully loaded file tmp/msa_fasta_c4ed1c9c_result.txt

Figure 13e. Option to view Alignment in JalView.

5.2. PROTEIN STRUCTURE

The Protein structure interface (figure 14) enables users to either browse the Table of available structure or Search
for available PV protein structures in PaVE via the Search Interface. (figure 16)

A resource of the Branch at the
NIAID Office of Cyber Infrastruc!llfe and Computational Biology

Papillomavirus Episteme

Home Search Explore i Support

Multiple Sequence Alignment
Protein Structure Viewer

The Protein Structure Viewer module disp L1000 ctures of papillomavirus proteins. The structure viewer can be accessed in
several ways. A list of available structure: available PV protein structures. Alternatively, the Search Module can be
used to retrieve proteins with associated structures in either the Protein Sequences or Structures in PDB databases. Proteins with an associated
structure are indicated by a ® . Clicking this icon will display this protein in the Structure Viewer. In the Protein Sequences database, many proteins
have a homologous structure indicated by a light orange icon . Accessing the Structure Viewer through this icon will display the known structure of a

homologous protein and a pairwise alignment of both proteins. This allows users to identify regions of sequence similarity or divergence on the protein
structure.

Table of available PV protein structures Search for available PV protein structures

Figure 14. Protein Structure Interface.

TABLE OF AVAILABLE PROTEIN STRUCTURES.

Clicking on the PDB ID will display the structure and sequence alignments with homologous proteins (see figure 24,
structure viewer)
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Protein PDB ID Domain and/or complex Virus
El 1F08 DBD BPV1
1KSX DBD + DNA BPV1

1KSY DBD + DNA BPV1

1ROW DBD HPV18

1TUE El +E2 HPV18

2GXA hexamer + DNA BPV1

2vep hexamer BPV1

E2 1A7G DBD HPV31
1BY9 * DBD HPV16

1DBD * DBD BPV1

1DHM = DBD HPV31

1DTO TA HPV16

1F9F DBD HPV18

1134 DBD + DNA HPV18

100H * TA HPV18

11H DBD BPV1

1R6K TA HPV11

1R6N TA HPV11

1R8H * DBD HPV6

1R8P * DBD HPV16

1TUE El +E2 HPV18

1ZZF = DBD HPV16

Figure 15. Table of Available Protein Structures

SEARCH FOR AVAILABLE PV PROTEIN STRUCTURES
Clicking on the orange filled circles will display the structure and sequence alignments with homologous proteins

(see figure 24, structure viewer).

Selected Filters: Clear All

Keyword ol I&l

LOISLEEEN Structures in PDB [ Include Non-reference genomes

Dynamic search: results are automatically updated with the filter applied. Please do not
V Filter by refresh the page if the taxonomy dropdown does not load immediately, it may take a
minute to load.

Database: [Structures in PDB]
includeNR: [false] X

Taxonomy PV Genes and Regions
All (] A
Host Species PV Features

All [E All

Search Results

Download Fasta I Download GenBank | Run MSA ] Run Phylogenetic Tree | Select All Deselect All Showing 1-48 of 48 results.

Associated I
Locus ID Structure Description
1A7G e Crystal Structure e na-Binding Demain From Human Papillomavirus At 2.4 Angstroms.
® The Crystal S Of The E2 Dna-Binding Domain Fi Papillomavirus At 2.4 A
[ 18ve Y Crystal Structure Of The E2 Dna-Binding Domain From Human Papillomavirus Type-16: Implications For Its Dna Binding- Site
- Selection Mechanism.
[ 1peD [ ] E2 Dna-Binding Domain From Papillomavirus Bpv-1.
[] 1pHM [ ] Dna-Binding Domain Of E2 From Human Papillomavirus-31, Nmr, Minimized Average Structure.
[J 1010 L) Crystal Structure Of The Complete Transactivation Domain Of E2 Protein From The Human Papillomavirus Type 16.

Figure 16. Search for protein structures
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5.3. L1 TYPING TOOL

The L1 typing tool is designed to assist users in gauging the probability that their sequence belongs to a novel PV
type based on the similarity of its L1 sequence to current PV types in the PaVE database. The tool was developed by
Piet Maes, at the Katholieke Universiteit Leuven.

Users will need to submit one or more L1 nucleotide query sequence(s) in FASTA format either by pasting in the
window or by uploading a file containing the sequence(s) and clicking “Submit” (Figure 17a). The resulting window
will display a textual summary of the results (figure 17b). Additional reports of the results include results in txt and
.csv formats, phylogenetic tree (PDF), and the newick tree (figures 17 c-d).

Note: *If a single query sequence is used, it does not need to be in fastA format. For multiple query sequences, the L1
tying tool only accepts files that strictly adhere to the FASTA format. A sequence in FASTA format begins with a
greater-than (">") symbol on the first line followed by sequence name or information. The L1 typing tool requires
that a sequence name is entered after > without a space (eg >test). Sequence data begins on the second line.

Users should refer to the Submission page for details regarding the official type assignment process.

. . - A resource of the and Cc josciences Branch at the
Papillomavirus Episteme NIAID Office of Cyber Infrastructure and Computational Biology

¥ Home Search Analyze Explore Links Support About
Papillomavirus Episteme > Analyze > L1 Taxon
L1 Taxonomy Tool

L1 Taxonomy Tool
The Pavic L1 Taxonomy Tool is created by . eit Leuven. The results are based on similarity to the PaVE Reference L1
sequences.

Disclaimer: This tool is to be used solely to gauge the probability that your sequence is a novel PV type.
Please refer to the Submission page for details regarding the type assignment process.

Upon clicking submit, please do not leave this page as your analysis will be terminated.

Input L1 Nucleotide Sequence @) paste into the form below

(FASTA format) ! ) Upload file

submit | reset

Figure 17a. L1 Typing Interface.
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A resource of the Bioinformatics and Computational Biosciences Branch at the

P, apillomavir us Episteme NIAID Office of Cyber Infrastructure and Computational Biology

Explore

* 1 sequence(s) found in query
* Sequence 1: gi|333031.L1|lcl|HPV16-L1.1|-Human-papillomavirus-16-(HPV16),-L1-gene
* The query sequence is most similar to: HPV16 with 100.0% identity.

These results are to be used solely to gauge the probability that your sequence is a novel PV type. Please refer to the Submission
page for details regarding the type assignment process.

Please save your results files after being displayed if you wish to save them since PAVE does not store these files.

Display Result | P e el
Text Summary
CSV Summary

PDF Tree
Newick Tree

Figure 17b. L1 Typing - Summary Results.
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I_ 1': HPVE2
HPV81
HPV114
HPV84
HPV86

HPV87
HPV11

HPV13
PpPV1
HPVT74
HPV44

HPV54

HPV16 .
i **gi 333031 **
HPV35
— HPV31

HPV33
HPVE7

HPV52
HPV34
HPV73

HPV40
—L e

_|: HPV43
HPVI1
_{:HPV32
HPV42
HPV30
HPV53

HPV56
HPV6E6

Figure 17c. L1 Typing - Phylogenetic Tree.
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This file is automatically generated by:

Automated Genotyping Tool for papillomaviruses - PaviC vl.1lb

(c) 2013 Piet Maes - Clinical Virology, Rega Institute, Katholieke Universiteit Leuven, Belgium.
Reference strains, last update: 23-04-2012

* 1 sequence(s) found in query

* Sequence 1: L1
Length: 1509 bps

Sequence:
ATGGCTGICTGGTTACCAGCGCAGRATAAGTTCTATCTTCCTCCCCAGCCCATCACTAGARTCCTGTCCACTGATGAATATGTAACCAGR
ACCRATCTCTITCTACCATGCARCATCTGAACGTCTACTGCTGGTCGGACATCCTTIGTTTGAGATCTCCAGTAATCARACTGTAACTATA
CCRARAAGTGTCACCAAATGCATTTAGAGT TTTTAGGGTGCGTTTTGCTGATCCARATAGATTTGCATTTGGGGATARGGCAATTTTTAAT
CCAGARACAGAAAGATTAGTTTGGGGCCTAAGAGGGATAGAGATAGGTAGAGGCCAGCCTTTAGGTATAGGAATAACGGGCCACCCTICTIT
TTARARTAARGTTAGATGATGCAGAAARTCCAACARATTATATTAATACTCATGCARATGGAGATTCTAGACARRATACTGCTTITGATGCA
ARACAGACACAARTGITCCTICGICGGCTGTACTCCTGCTTCAGGTGRACACTGGACRAGTAGTCGTTGCCCAGGGGARCARGTGRRACTT
GGGGACTGCCCCAGGGTGCARATGATAGAGTCTGTCATAGRAGATGGTGACATGATGGATATTGGTTTTGGGGCTATGGATITTGCTGCT
TTACAGCAAGACAAGTCTGATGTCCCTTTAGATGTTGTTCAAGCAACATGCARATATCCTGATTATATCAGAATGAACCATGAAGCCTAT
GGCAACTCTATGITTTITTITGCACGTCGCGAGCARATGTATACCAGGCACTTTTTTACTCGCGGGGGTTCGGTGGGTGATARGGAGGCA
GICCCACAAAGCCTGTATTTAACAGCAGATGCTGAACCAAGAACAACTTTAGCAACARACARATTATGTAGGCACACCAAGTGGCTICTATG
GITTCATCTGATGICCAATTGTTTAATAGATCTTACTGGCTTCAGCGATGT CAAGGCCAGRATARTGGCATTTGCTGGAGARACCAGTTA
TTTATTACAGTTGGAGATARTACCAGAGGAACAAGTTTATCTATCAGTATGARARACAATGCARGTACTACATATTICCARTGCTRATTTT
AATGATTTTCTAAGACATACTGAAGAATTTGATCTITCTITTATAGTTCAGCTTTGTARAGTARAGTTAACTCCCGARRATCTAGCCTAC
ATTCATACAATGGACCCTAATATTTTAGAGGATTGGCAACTATCTGTATCTCAACCACCTACCAATCCTCTAGAAGATCAATATAGGTTT
TTAGGGTCTTCCTTGGCAGCARRATGTCCAGAACAGGCGCCTCCTGAGCCCCAGACTGATCCTTATAGTCAATATARATTCTGGGAAGTIC
GATCTCACAGARAGGATGTCCGAACAATTAGACCAATTTCCACTAGGAAGGAAATTTCTATATCAAAGTGGCATGACACAACGTACTGCT
ACTAGTTCCACCACAAAGCGCRARACAGTGCGTGTATCTACGTCAGCCARGCGCAGGCGTAAGGCTTAG

* Origin of query sequence:
* The query sequence is most similar to: HPV1 with 100.0% identity.

* Conclusion:
The sequence belongs to the Mupapillomavirus genus.

Figure 17d. L1 Typing Results -Text File.

6. EXPLORE

[ 1 1 | [ L 1 [ ]

Reference Genomes| Variants Transcript Maps Proteins Epigenetics Taxonomy Review Chapters Image Viewer Voo Phylogenetic Tree
I 1 1 I 1 I I 1
Human Animal Variant Variant Variant Protein Protein Taxonomy Submission PaVE DNA Translocation Mature capsid of
Genomes Genomes Nomenclature| | Genomes Searches Structure | |Information Concept Process Genomes by El1 HPV16
Viewer
Table of Available PV Search for Available PV
Protein Structures Protein Structures

Figure 18a. Schematic View of the Explore tab menu choices

PaVE provides tools to browse PV-related information included tabular and tree views of human and animal PaVE
reference clones, variants, taxonomic and classification concepts, transcript maps, proteins, images, movies of
proteins in action and recent reviews focusing on functional genomics of PV (figures 18a and 18b).
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A resource of the Bi and C i i Branch at the
NIAID Office of Cyber Infrastructure and Computational Biology

Analyze

Yoy
3
13

Reference Genomes Variants Transcript Maps Proteins Epigenetics

Taxonomy Review Chapters Image Viewer Movies Phylogenetic Tree

Figure 18b. Explore interface

6.1. BROWSE REFERENCE GENOMES

The Reference Genomes tab under the Explore tab links to the section of the website which includes detailed
information about the Reference Genomes enabling users to browse all PaVE viral types in a zoomable phylogenetic
tree (Tree tab, figure 10; inferred from the L1 sequences of PaVE Reference Clones) or via a tabular view of Human
or Animal viral types. The tabular view also gives access to additional details about each virus (e.g. common name of
the host, associated publications, and GenBank accession numbers). Tables can be sorted by clicking on the column
headers in the tables. Information in the tables and the tree are hyperlinked appropriately. Tables can be
downloaded as comma separated (CSV) text files.

A resource of the Bioinformatics and Computational Biosciences Branch at the

Papillomavirus Episteme NIAID Office of Cyber Infrastructure and Computational Biology

Human Genomes Animal Genomes

Figure 19. Reference Genomes

6.2. VARIANT GENOMES

The Variant Genomes tab links to PV variant nomenclature rules, enables browsing variants with curated details in a
table and searching for to all human and animal variant sequences at the NCBI site.
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6.3. TRANSCRIPT MAPS

The Transcript Maps page provides links to description of PV transcripts with graphical representations.

6.4. PROTEINS

The Proteins page contains links to a page that contains links to a) a table with all PV-related PDB structures or to
the search interface which allows users to search for specific PV-related PDB structures in PaVE and b) a graphical
representation of PV proteins.

6.5. EPIGENETICS

The Epigenetics page contains links to epigenetic data visualized in a genome browser.

6.6. TAXONOMY

The Taxonomy page contains links to the Taxonomy Concept page which describes the PV classification rules and the
Submission page which provides current procedure for designation of a new viral type (Submission).

6.7. REVIEW CHAPTERS

The Review Chapter page includes links to chapters in the Special Issue of Virology describing the functional
genomics of Papillomaviruses. Each article in the Special Issue provides an in-depth, unbiased and encyclopedic
overview of different aspects of papillomavirus genomics and proteomics, written by experts in the papillomavirus
field. The main aim of each article is to completely document details about viral proteins, cis-elements, evolution,
and disease. This Special Issue is intended to be a companion resource to the PaVE website and will serve as an
important reference resource for the scientific community. You can visit the blog site for this special issue at
http://www.virologyhighlights.com /?p=144.

6.8. IMAGE VIEWER

The Image tab in the top navigation bar links to a table of thumbnail images of viral (warts, lesions) grouped by
PV type (Figure 21a). To filter by virus type, users can click on the triangle next to the column title and enter the
term in the field available to filter by (figure 21a). Users can also search by the virus type, contributor, and by
terms within the description by entering the term in the Search box. Search is PV type specific, in that results
retrieved for contributor or description terms will return all images (including those that don’t match the
contributor or description terms) for PV types for which one or more images that match the criteria are
available in PaVE (figure 21 b). However, images that don’t match the criteria are greyed out. Certain images
may be associated with more than one PV type.

Clicking on an image displays the image along with the caption, which includes a description of the image
(tissue, organ, pathology etc.), the contributor name and relevant copyright information (filter 21c).
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A resource of the and Branch at the
NIAID Office of Cyber Infrastructure and Computational Biology

Papillomavirus Episteme

Analyze Support

Reference Genomes >
Variants >
Transcript Maps > Search Virus, Author, Caption... X
Proteins >

Epigenetics >

Taxonomy >

Review Chapters

[l

5 Movies >

Phylogenetic Tree

2
=

@
2

Figure 21a. Images grouped by PV types.

Image Viewer
Virus Thumbnail

BPVE

Please contact us if you would like to contribute one or more images to this collection. We welcome your contributions.

Permission to use graphics from NIAID websites is determined on a case-by-case basis. Please consult the Credit information under each image to determine whether further
permission is required.

Figure 21b. Images retrieved based on author search. Images contributed by the searched author are highlighted.
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Section of cenvix showing CIN2 resulting from HPV16 infection. The cervix shows moderate dysplasia with dysplastic cells extending through the middle third of the epithelium.

the work of an National Institutes of Health employee, tsken or made as part of that person's official duties. As a work of the U.S. federal govemment, the image is in the public domain

Figure 21c. The full size image includes citations.

6.9. MOVIES

The Movies tab under the Explore tab links to page with movies of molecular interactions involved in HIV
pathogenesis.

6.10. PHYLOGENETIC TREE

The Phylogenetics Tree tab under the Explore tab links to a phylogenetic tree (Tree tab, figure 22; inferred from the
L1 sequences of PaVE Reference Clones) generated based on their L1 sequence alignments . The viruses are linked
to the locus view of their genomes. The tree can be zoomed. Users can also generate phylogenetic trees of
alignments of any selected set of PaVE proteins dynamically via the Search interface.

000 .o

= - Unclassified types.

Figure 22. Phylogenetic tree inferred from the L1 sequences of PaVE Reference Clones.
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7. SEQUENCE AND STRUCTURE VIEWERS

7.1.

LOCUS VIEWER

The locus viewer page (figure 23a and b) displays graphical linear and circular representations of the viral genome

with annotated features. Genes, regions and proteins can only be viewed in the linear view. Each feature can be
selected, and details for that feature will be displayed in a panel below. Details are tailored to the type of sequence
(Genome/Gene/Region/Protein) being viewed as described below. Users can download sequences in alternative
formats, namely FastA, GenBank or EMBL and also link to the original submitter sequence at the NCBI site.

a)
1.
2.

b)

Genome/Gene/Region

The nucleotide sequence of the genome or gene or region is displayed below this feature panel
The sequence of the selected feature is highlighted in the nucleotide sequence of the genome and if the
selected feature is a gene, the corresponding protein sequence is displayed in the Selected Feature Details
box. The protein sequence can be aligned to other PaVE proteins via BLAST and the results copied and /or

downloaded.

Protein

When viewing a protein sequence, users can link to available 3D structures for the protein in the Structure

Viewer (Figure 23; Structure Viewer).

7 - ; - By
B 4%y  Ppapillomavirus Episteme
i )
[E] o™ 2
Tanlomaves Exsteme > searTh > SEach Database » Locus View
Locus View
AaPVIREF oisplay Format.[Locus View| V]
Deltapapilomavirus 1, Alces alces Papilomavirus 1 (AaPV1), complete genome
4i1962707411cl|A2PV1REF.1]A2PVIREF
Circular Viewer
_ 1000 2000 3000 a000 sg00 6000 7000 a0 s000
& u
cos — . —
3 &
&
- -
&
i
—— —
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seuce 1 -—
e 1%
1
e5e e
e @ [==]

Selected Feature Details
No Festure Selected

Selected Sequence Details

AaPVI1REF

Deltapapillomavirus 1, Alces alces Papillomavirus 1 (AaPV1), complete genome.
4119627074 Icl| AaPVIREF. 1| AaPVIREF

Selected Feature Details BLAST Structure Viewer
gene E1

“Include SPLICED

For orlginal submitted sequence see

Dispay Format

2D @ O

translation

‘LHERLDLSDQEDEVDEDECSQRS PICSARNTDANH

protein_id  AaPV1-EL

Coding Region Sequences BLAST

5595
caat

Figure 23a. Locus Viewer, Linear and Circular Displays (Genome)
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e Home | Search | Analyze | Explore | Links | Support | About

HPV16REF Display Format  |Locus View V|

9, Human Selected feature ishighlighted in

sequence below

911333031 lcl|HPV16REF. 1|HPV16REF

Select format

1 1000 6000 7000

0 - -— E—
3 El
| =
€7
URR —
URR
L]
URR
SPLICED @ 1 -
E6* EL"E4 E1E4
1 1
E6* EB°E2 EB°E2
E285 | 1
£285: E2 binding site £285: E2 binding s
| |
E2B5: E2 binding site £285: E2 bil

Selected Feature Details Blast Structure Viewer
gene E2

VSLEVYLTAPTY HEGIRTY
s
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protein_id  HPV16-E2

Coding Region Sequences

Selected Sequence Details

Figure 23b. Locus Viewer.

7.2. STRUCTURE VIEWER

The Structure Viewer page (figure 24) displays experimentally derived papillomavirus protein structures retrieved
from the Protein Data Bank (PDB; http://www.rcsb.org) and integrated in PaVE. The features are listed below.

1.

Structures are visualized using JSMol, which provides users the ability to zoom, view specific chains, alter
the display of the structure, alter the color and background etc. Pairwise sequence comparisons between
the solved structure and any homologous protein in the PaVE database are computed and the results
displayed in a table. Users can also save and download the images by Right Clicking the image and choosing
these options under the File tab.
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Figure 24. Structure Viewer.

2. Click on any of the homologous proteins (BLASTP E<le-5) to view the resulting alignment. Thus if a
structure has been solved for any one papillomavirus protein or domain (e.g. E2), this tool allows the user
to directly predict the structural location of selected sequences from other homologous papillomavirus
proteins.

3. The user can opt to color code differences and identities between the sequences and can use the mouse to
select and highlight portions of the sequence alignment, which are then displayed on the structure.

4. Users can also link to the locus view of the structural motifs, the PDB raw file and 3D print files on the NIH
3D Print exchange.

8. FREQUENTLY ASKED QUESTIONS (FAQS)
1. How do I use the keyword search feature?

The keyword search feature uses a simple syntax. Add a "+" before a term (such as: +feline) to require it be present
in the search results. Add a "-" before a term (such as: -ovine) to require it not be present in the results. Append an
asterisk to the end of a term to act as a wildcard (such as: HPV16*) to include all terms that begin with the term. Use
quotes to search for complete phrases (such as: "complete genome").

2. How do Isearch the PaVE database by Taxonomy?

PaVE features a taxonomy search function. To search based on taxonomy click on the "Search” tab in the PaVE web
site top navigation. Under "Keyword Search" open the pull-down menu next to "More Options" to reveal the
advanced search options including the taxonomy search. With the options maximized, you will see "Taxonomy"
listed in the lower right hand corner of options. Click on the drop down menu next to "any" under "Taxonomy" then
click "Select from list". Your browser will then display a window for making your selections. To select a taxonomic
genus, including all of the subgroups below it, simply click on the check box next to the genus name. You may select
multiple genera in this way. Each selection that you make will appear in the "selected ids" section at the top of the
window. Scroll up and down to see all of the groups. To make finer selections at the species level, expand the
taxonomic genus view by clicking on the "+" icon next to the genus name. You may then select or deselect individual
species. When all selections have been made. Click the "Done" button at the top of the window. The search filter will

instantly be applied to the search results. The Taxonomy filter will display ".." instead of "any" to indicate that a
filter has been applied.

3. How do I specify a "homology cutoff value" for my BLAST results?

Use the E-value cutoff function in PaVE's BLAST search window. Click on the "Search” tab in the PaVE web site top
navigation, then switch from "Keyword Search" to "BLAST Search" by clicking on the BLAST Search tab. Under the
BLAST Search tab, you will see the E-value cutoff option. E-values are the probability of finding a similar hit by
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chance alone, thus the lower the E-value, the higher the quality of your BLAST hit. By default, the value is set to "10"
which will return many results. To filter at a higher stringency, set a lower E- value. Cutoff E-value options are: 10,
0.1, 1e-05, and 1e-10.

4. I've submitted a BLAST query and I see a list of results, how do I view the BLAST sequence hits?

BLAST results on PaVE are returned in a table format sorted by E-value. To view the sequence query aligned to the
BLAST hit, click on the triangle icon on the left hand side of the results table to drop down the alignment results.

5. When I am observing a sequence record in Locus View, how can I display the sequence of a
particular feature?

Click on your feature of interest (coding sequence, origin of replication, source, etc.). The pane "Selected Feature
Details" will display detailed information about the feature that you have selected. The pane "Selected Sequence
Details" will display the entire locus sequence with your selected feature highlighted.

6. How does the color scheme of the icons used to indicate availability of protein structures relate to
the sequence homology computation
This is determined by the alignment of protein sequence with sequence used in the PDB structure and is
explained below:
# True structure available
Closely resembling structure where alignment is >10%
No available structure with alignment >10%

7. What are the minimum browser requirements to use PaVE?

PaVE has been tested on IE v10 and 11, Safari 6 and higher and Firefox 23 and higher. JavaScript must be enabled in
your browser's settings. Please note that the visualization of the multiple sequence alignments in Jalview is not
compatible with very recent versions of Firefox. Please keep you java version up-to-date
(http://www.oracle.com/technetwork/java/javase/downloads/index.html).
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